The impact of cancer on socioeconomic outcomes is attracting attention as the number of survivors of cancer in young age continues to rise. This study examines economic independence in a national cohort of survivors of cancer at a young age in Norway. METHODS: Through the linkage of several national registries, the study cohort comprised 1,212,013 individuals born in Norway during 1965 through 1985, of which 5440 had received a cancer diagnosis before age 25 years. Follow-up was through 2007, and the main outcomes were receipt of governmental financial assistance, employment, income, and occupation. Analytic methods included Cox proportional hazard regression, log-binomial regression, and quantile regression models. RESULTS: Individuals in the cancer survivor group had an increased probability of receiving governmental financial assistance (men: hazard ratio [HR], 1.4; 95% confidence interval [CI], 1.3-1.5; women: HR, 1.5; 95% CI, 1.3-1.6) and of not being employed (men: HR, 1.4; 95% CI, 1.2-1.7; women: HR, 1.4; 95% CI, 1.2-1.6) compared with those in the noncancer group. Income discrepancies were particularly pronounced for survivors of central nervous system tumors. There was no difference in representation in higher skilled occupations. CONCLUSIONS: Survivors of cancer at a young age in Norway had an increased risk of being economically dependent and unemployed. This was evident in several tumor groups and was most pronounced in female survivors. There were only small differences in income or representation in higher skilled occupations for most employed survivors compared with the noncancer group. The current results are important for understanding the impact of a cancer diagnosis at a young age on subsequent job market outcomes. Cancer 2016;122:3873-82.
INTRODUCTION
During the last 4 decades, the treatment of cancer in young individuals has improved substantially and has led to an expanding number of survivors in the adult population. 1 As many as two-thirds of these cancer survivors suffer from a variety of late effects and chronic conditions, possibly affecting their ability to fully participate in the job market. 1, 2 Previous studies have demonstrated that subgroups of childhood cancer survivors (CCS) (typically ages birth to 14 years, and sometimes up to age 20 years, at diagnosis) have an increased risk of being unemployed, earning low incomes, and receiving social security benefits compared with their siblings or the general population. [3] [4] [5] However, there are important discrepancies regarding the vocational and financial outcomes of cancer survivors who are diagnosed at a young age in Europe and the United States. In a meta-analysis, the unemployment risk among CCS in the United States is found to be tripled, but the results from European studies diverged. 3, 4, 6, 7 Reports from the Childhood Cancer Survivor Study in the United States indicate that CCS have reduced personal incomes and a higher representation in lower skilled jobs compared with their siblings as well as an increased risk of unemployment, particularly for survivors of brain and bone tumors and in those diagnosed before age 4 years. 7, 8 Previous Nordic studies of cancer survivors revealed only modest reductions in income compared with siblings or the cancer-free general population, but those studies are limited because they included only selected cancer diagnoses, or cancers diagnosed at all ages, or childhood cancers only. 4, 6, 9 A recent Swiss study indicated that CCS have lower monthly incomes compared with their siblings, but it did not assess occupation or compensatory financial assistance (FA) measures and was questionnaire based; therefore, it may have been subject to response bias. 10 The enrollment in governmental supplemental security income and disability insurance programs is increased for CCS in both Norway and the United States. 5, 11 The total impact of a cancer diagnosis during the vulnerable developmental period of childhood, adolescence, and young adulthood on later economic independence largely has been unexplored.
Survivors of cancers diagnosed in adolescence and young adulthood (typically ages 15-29 years, and sometimes up to age 39 years, at cancer diagnosis) are faced with particular survivorship challenges, because their diagnoses and treatments occur in a different psychosocial and biologic context from those in survivors who are diagnosed at younger or older ages. 12 However, most research in this population originates from publications in which adolescents and young adults (AYAs) are only a small percentage of the much larger adult survivor group, and comparison groups often are limited.
The developmental period of adolescence and young adulthood poses unique challenges, and important information regarding economic and work-related matters in AYA cancer survivors is currently lacking. [12] [13] [14] This is a time when individuals seek independence from their parents and develop autonomy through relationship building with peers and through making important, often permanent decisions regarding higher education and pursuits of a prospective career. It is also a time of continuous physiologic development, including maturation of the prefrontal cortex, which is important for executive functions and the implementation of goal-oriented behaviors. 14, 15 Disruptions to this brittle process may lead to unfavorable decision making that could have long-lasting implications. Having to cope with a life-threatening cancer diagnosis during adolescence and young adulthood is a potent intrusion during this already challenging phase of life, and AYAs with cancer report financial difficulties, disruptions in social relationships, and employment challenges, especially when they are diagnosed during early adolescence and young adulthood. 15, 16 Therefore, it is of utmost importance to study the work-related outcomes in this group and to develop targeted interventions, including vocational rehabilitation programs, for future AYA cancer survivors.
AYA cancer survivors are difficult to track in a clinicbased setting because of a combination of high mobility (relocating to study/work), treatment and follow-up at both pediatric and adult cancer departments, and often a reduced interest and/or lack of opportunity to participate in follow-up care programs. 13 Thus there is a need for large, population-based studies with national coverage, including noncancer comparisons, to address the full impact of economic late effects in CCS and AYA cancer survivor populations. Such studies may aid in the development of risk-based follow-up strategies (including interventions) during the transition into and passage through adulthood.
The objective of the current study was investigate economic independence by studying employment, occupation, income, and the need of governmental FA in a large, population-based Norwegian cohort of cancer survivors who were diagnosed before age 25 years.
MATERIALS AND METHODS
The study cohort included all individuals born alive in Norway during 1965 through 1985 identified through the national registry. Patients with cancer were identified through the Cancer Registry of Norway (CRN) (exclusions were made if a cancer diagnosis was made by autopsy only or if the basis for the cancer diagnosis was uncertain). Follow-up was through 2007, at which time the cohort members had reached ages 22 to 42 years. The term "cancer survivor" in our study comprises all individuals who had a cancer diagnosis before age 25 years.
Data Sources
We linked several national registries in Norway using the unique 11-digit personal identification number assigned to every resident. The national registry contains updated demographic information on all residents in Norway.
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Reporting newly diagnosed cancer cases to the CRN has been compulsory for all clinicians and pathologists since 1951. The quality and completeness of CRN data have been identified as high, in line with other Western European cancer registries. 18, 19 The CRN provides information on cancer cases, including date of diagnosis, cancer site, and tumor morphology. 19 Information on demographics, FA, income, employment, and disability pensions (DPs) was provided by Statistics Norway. 20, 21 Data on education were provided by the Norwegian National Education Database. 22 
Study Outcomes
Governmental FA is a benefit available to all legal residents of Norway. It is intended as a temporary measure when all other means of self-support have been exhausted and is independent of prior work history and other social security benefits. 23 The local Labor and Welfare Service (NAV) office makes a monthly individual assessment on the amount needed for necessary subsistence costs.
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For information on income and employment in 2007, only "work-related income" was used, which includes income from work only (employed or selfemployed), and not income from social security benefits (including DPs). This includes any degree of work-related income. Thus all individuals with some form of employment are included in the income analyses, and those with no income are excluded. For the analysis on employment, we defined unemployment as not having registered a work-related income in 2007. To qualify for a DP in Norway, an individual's earning capacity has to be permanently reduced by at least 50% because of illness and/or injury, and vocational rehabilitation measures have to be completed.
To analyze fields of occupation, we used the occupational codes according to the International Standard Classification of Occupations (ISCO-88), which reflect the skill level required for the occupation category. 24 Occupation was classified into 4 categories; "unskilled" (ISCO group 9), "semiskilled blue collar" (ISCO groups 6-8; agriculture, craft, machine operators), "semiskilled white collar" (ISCO groups 4 and 5; clerks, service, and sales), and "skilled" (ISCO groups 1-3; managers, professionals, and technicians), in accordance with recent European Union classification standards. 25 
Statistical Analyses
For the outcome of governmental FA, an extended Cox regression model was applied to the whole cohort, with age at cancer diagnosis as the time-dependent variable, yielding hazard ratios (HRs) with 95% confidence intervals (CIs). This method was chosen to fully take advantage of the prospective nature of the data and to account for the changes in hazard rates during the course of followup. The follow-up for this analysis started at age 18 years (parents are obliged by law to sustain their children until that age) and ended at the date of the first occasion an individual received FA, censoring at the date of death, emigration, or December 31, 2007, whichever occurred first.
To analyze income and employment, a cross-sectional analysis for those who were alive and living in Norway in 2007 was performed using binomial logistic regression and quantile regression models, yielding relative risks (RRs) with 95% CIs and regression coefficients with P values, respectively, comparing the cancer survivors with the cancer-free group. High income was defined as income >80th percentile of that for all individuals born in the same year and with the same sex, and low income was defined correspondingly as income <20th percentile. After testing for interaction, separate analyses of male and female survivors were conducted, conforming to recommendations for studies on labor market outcomes in cancer survivors. 26 To study occupational fields, multinomial logistic regression was applied using "skilled" as the reference category, yielding RR ratios (RRR) with 95% CIs. Linear regression analysis of differences in income within the occupational categories was performed (after the exclusion of outliers).
Cancer survivors were further categorized into major cancer groups (leukemia, lymphoma, central nervous system [CNS] tumors, testicular tumors, malignant melanoma, bone and soft tissue sarcomas, cancers of the female genital tract [cervix/uterus/ovarian], and "other"). Survivors also were classified into CCS (those aged < 15 years at cancer diagnosis) and AYAs (ages 15-24 years at cancer diagnosis). Analyses were adjusted for year of birth and for parental education (the highest education achieved by both parents) divided into 3 categories-lower education (<11 years), intermediate education (11-14 years) , and tertiary education (>14 years)-to account for differences in household socioeconomic status as a possible confounder. 27 Marital status was included as a mediator in early analyses but was not included in the final model, because the estimates produced were similar, and adjusting for this variable could have introduced collider-stratification bias.
We wanted to determine the impact of a cancer diagnosis on survivors who were healthy enough to work; thus, we excluded DP recipients from all analyses except for the analysis on FA, for which the results with and without DP recipients are presented.
SPSS version 21 (IBM SPSS, Armonk, NY) and STATA version 14 (StataCorp LP, College Station, Tex) were used for statistical analyses. The study was approved by the Norwegian Data Protection Authority and the Regional Committee for Medical and Health Research Ethics of Western Norway.
RESULTS
In total, 1,218,013 individuals were born in Norway during 1965 through 1985. Of these individuals, 5440 were diagnosed with cancer before age 25 years and were included in the FA analysis. After the exclusion of those who emigrated (n 5 34,840; 1.3% of the cancer survivor group, 2.9% of the noncancer control group), died (n 5 34,774), were lost to follow-up (n 5 719; all in the noncancer group), and were missing residential code (n 5 1226; all in the noncancer group), 1146,444 individuals were alive and still living in Norway in 2007, including 3945 cancer survivors (2170 men and 1775 women). Approximately 40% of those survivors were diagnosed as children, and the Economic Independence in Ca Survivors/Gunnes et al Cancer December 15, 2016 remaining were diagnosed as AYAs ( Table 1 ). The largest cancer site groups were CNS tumors (20%), leukemia (16%), testicular cancer (14%), and lymphoma (13%).
FA
For all cancers combined, there was an increased risk of receiving governmental FA for both male and female survivors (men: HR, 1.4; 95% CI, 1.3-1.5; women: HR, 1.5; 95% CI, 1.3-1.6) ( Table 2 ). Excluding individuals who were receiving a DP (n 5 33,408) yielded smaller but nonetheless significantly increased risks (Table 2 ). In particular, survivors of leukemia (women), lymphoma, CNS tumors, testicular cancer (men), and bone and soft tissue sarcomas were at increased risk of receiving FA, whereas b Those who were receiving disability pensions were included (adjusted for year of birth and parental education). c Those who were receiving disability pensions were excluded (adjusted for year of birth and parental education).
Original Article female survivors of malignant melanoma had a reduced risk ( Table 2 ). The mean age at the first receipt of FA was 23.1 years for the noncancer controls and 22.6 years for the cancer survivors (P < .001). The mean age was similar when survivors were stratified by sex, age at diagnosis, and cancer type (Table 2 ). When we reran the models censoring the individuals who had received a cancer diagnosis after age 25 years, the results were similar.
Employment
Cancer survivors had a 34% increased risk of not being employed (HR, 1.3; 95% CI, 1.2-1.5) compared with cancer-free individuals, and the results were similar separately for men and women (Table 3 ). There was a significantly increased risk of unemployment among survivors of lymphoma (women), CNS tumors (both sexes), testicular cancer, and bone and soft tissue cancer (men), regardless of age at diagnosis. ). For men in the noncancer comparison group, the median income was 379,794 NOK ($64,565 USD). For female cancer survivors, the median income was 259,088 NOK ($44,045 USD) compared with 272,077 NOK ($46,253 USD) in the cancer-free female comparison group (Table 4) . In general, the cancer survivors had lower median incomes than individuals in the noncancer comparison group (Fig. 1 ), although the difference was not statistically significant (men, P 5 .07; women, P 5 .28). Survivors of CNS tumors had significantly reduced incomes across all quantiles (data not shown) and an increased risk of being in the low-income category versus cancer-free controls with the same birth year and sex (men: RR, 1.3; 95% CI, 1.1-1.6; women: RR, 1.4; 95% CI, 1.1-1.7) ( Table 4 ). In the female survivor group, there was also an increased risk of low income for survivors of lymphoma (HR, 1.4; 95% CI, 1.1-1.7) and an increased probability of high income (and higher annual salaries across all quantiles) for survivors of malignant melanoma (HR, 1.3; 95% CI, 1.1-1.6). The median income was significantly reduced for male survivors who were diagnosed in childhood (<15 years of age) and, to a lesser degree, for AYA cancer survivors (Table 4) . Adjustment for parental education did not change the estimates significantly.
Occupation
The largest occupational category for both cancer survivors and cancer-free controls was "skilled" (legislators, managers, professionals, technicians, and associate professionals), amounting to 49% and 48% in the 2 groups, respectively. By using this occupational category as reference, the cancer survivors were less likely to be in the employment category "semiskilled blue collar" (both sexes) ( Table 5 ). An analysis by cancer site revealed a particularly low probability for this occupational category in the survivors of bone and soft tissue cancer (men) and malignant melanoma (men). There was no significant difference in occupational categories for survivors of CNS tumors (data not shown) compared with the cancer-free reference group. Analyzing within-group differences in income for the 4 occupational categories, the median annual salary was significantly reduced for male cancer survivors in the "skilled" occupational category (a reduction of 16,447 NOK [$2796 USD]), but no differences were observed for women or for either sex in the other 3 categories (Table 5 ).
DISCUSSION
We observed that CCS and AYA cancer survivors were at an increased risk of being financially dependent, as demonstrated by a 4-fold to 5-fold increased risk of receiving FA from the government as well as an increased risk of not being employed. Unfavorable outcomes were particularly prevalent in survivors of CNS tumors, lymphoma, and bone/soft tissue sarcomas; whereas survivors of malignant melanoma in general fared better. For the cancer survivors holding jobs, incomes were only slightly reduced compared with those in the cancer-free reference group. The occupational fields were similar in the cancer survivors and the cancer-free group, although cancer survivors were represented less in manual labor occupations. Furthermore, the median incomes within the occupational categories were largely comparable. The increased risk of receiving FA was more pronounced in female cancer survivors and in survivors of certain cancer sites. The threshold to apply for governmental financial support may be lower for cancer survivors, and applications may be more easily approved for individuals who have a history of a cancer diagnosis. Receipt of FA also could be because of a desire not to Original Article work full-time, or the inability to work full-time, thus requiring supplemental income sources. 29, 30 However, it is important to keep in mind that FA is a temporary measure and does not suggest long-term financial dependency. Nonetheless, the increased use of financial assistance suggests that the economic flexibility of young cancer survivors is not optimal in Norway. Because FA is an uncertain and temporary compensatory measure, other measures probably would be more appropriate for this group if their long-term health and welfare is to be secured.
Our finding of increased unemployment for CCS and AYA cancer survivors correlates well with some previous publications on this topic. 3, 6, 7, 9, 31 Studies from the United States have indicated that poor physical health, and particularly neurocognitive deficits, is strongly associated with unemployment, and US studies have demonstrated an overall 3-fold increased risk of unemployment in CCS. 3, 29 Certain important differences were observed when we compared our results with those from a Swedish study in which there was no significant association between a previous cancer diagnosis (at age < 16 years) and not being employed. 4 The different results may be because we also included AYA cancer survivors in our study. In addition, we had no information regarding students, and the Swedish study excluded individuals who were aged <25 years at follow-up, leaving out a group particularly vulnerable to unemployment. 32 Only a few studies have investigated income inequalities and occupational differences between survivors of cancer diagnosed at a young age and the general population. 4, 6, 9 In our study, we examined differences not only in the median income but the whole range of income quantiles. For the most part, our results were reassuring, although cancer survivors did have slightly lower earnings compared with individuals in the noncancer group. This may be a matter of survivors choosing to work reduced hours, but it may also reflect reduced working capacity because of chronic medical conditions in the survivor group. Unfortunately, data were not available on hours worked per week; however, because of strict work discrimination laws in Norway, the most likely explanation for the reduced income among the cancer survivors is reduced working hours. We observed reduced representation in manual labor occupations in the cancer group and only slight within-group differences in income. This is in contrast to US studies, in which CCS (ages 0-19 years at diagnosis) were more often employed in lower skilled jobs than their siblings and had lower personal incomes within the different occupational categories. 8, 29 Those studies also indicated that neurocognitive limitations, mainly as a result of cranial irradiation, are associated with employment in lower skilled jobs. This discrepancy between previous US studies and the current analysis from Norway may reflect the separation of health insurance and employment within the Norwegian system and that education is available free of charge in Norway, therefore a history of cancer does not restrict access to higher education or higher skilled occupations.
In this study, we particularly observed indications of economic dependency in survivors of lymphoma (especially women), CNS tumors, and bone and soft tissue sarcomas. Multiple publications have reported that survivors of CNS tumors suffer from adverse medical late effects, especially those who received CNS irradiation during childhood, and fall behind during education and in job market participation. 2, 4, [33] [34] [35] [36] Lymphoma survivors (especially Hodgkin lymphoma) reportedly also are at increased risk of adverse long-term outcomes, particularly heart failure (because of the widespread use of irradiation until the mid-1990s) as well as secondary malignancies. 37 These late effects are likely to influence the outcomes measured in the current study. Regarding survivors of bone cancer, although surgical techniques have improved dramatically since the 1970s, musculoskeletal morbidity is still increased, which may explain the poor work-related outcomes in this group. 2, 38 The fortunate economic outcomes of melanoma survivors in our study are probably linked to pre-existing socioeconomic status before cancer diagnosis, because previous research has demonstrated that increased incidence is associated with higher socioeconomic class. 39 In addition, melanomas in children and AYAs most frequently present as localized lesions, are treated only by surgery, and have an excellent prognosis. 40 An altered association to working life may negatively affect an individual's integrity, life satisfaction, and social relationships. For individuals who are diagnosed with cancer during adolescence and young adulthood, when primary developmental tasks such as identity development, seeking independence from parents, and exploring educational and occupational paths, this may be particularly pronounced. The return to (or maintenance of) school or work for CCS and AYAs is vital if a cancer survivor is to become independent and self-sustained as an adult. 31 It has been demonstrated that vocational training and job assistance measures are associated with an increased odds of employment after cancer in AYAs. 41 Therefore, identifying subgroups of CCS and AYA cancer survivors who are at risk of low job market participation is important to implement vocational rehabilitation services early for individuals in the more vulnerable survivor groups (lymphoma, CNS tumors, and bone/soft tissue sarcomas). Accounting for future education and employment within the treatment setting has also been identified as a key issue by AYA survivors along with the availability of counseling and FA. 12 Strengths of this national cohort study include coverage of an entire population, without selection or recall bias, as well as minimal loss to follow-up. Our inclusion of AYA cancer survivors provides important information on the socioeconomic outcomes in this survivor group, which is currently lacking. Challenges unique to AYA cancer survivors include increased mobility (and, consequently, increased loss to follow-up), not wanting to partake in follow-up care or studies, and failure to take responsibility for their own health care. 13 Limitations of the study include the lack of individual treatment data, which could allow for more precise correlation of different treatment exposures with economic outcomes, as well as the lack of information on the study participants' work preferences or hours worked per week. Information on student status also was not available, and this may have an effect on our outcomes, particularly for the youngest members of our cohort. Previous research has indicated that CCS have a delay in educational accomplishments, although the final educational achievements (at least in Europe) seem to be comparable to those in controls. 35, 36 In our cohort, 18% did not have an occupational code. Within the Norwegian registry system, this means that they could be students, self-employed, or unemployed.
Knowledge of the possible disadvantageous effects after cancer in childhood, adolescence, or young adulthood on labor market outcomes and subsequent income is vital if authorities are to appropriately target subgroups in need of counseling and interventions. Norway is an egalitarian society with public health care and strongly enforced antidiscrimination laws. Public welfare interventions, such as work reintegration programs and more permanent compensation for reductions in earnings directed specifically toward CCS, may be warranted.
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